Introduction and Background
Recent studies have indicated that a number of ubiquitous chemicals found in the environment (and subsequently in the tissues of humans and wildlife) are linked to a myriad of health concerns, including reproductive abnormalities and increases in infertility, cancer, and obesity via their actions as exogenous hormones (Simonich and Hites 1995 , Sasco 2001 , Swan 2003 , Newbold 2005 , Lee 2006 ). Because of the importance of evaluating the effects of these chemicals in living model organisms, maintaining the sensitivity of various bioassays as indicators of hormone action is critical.
Controlling variability within any experiment is always important, but it is especially important when trying to determine very sensitive physiological endpoints.
The diet of the model organism is a vital part of controlling variability in experiments evaluating these endpoints. Diets fed to laboratory research animals often have naturally occurring hormonally active compounds such as phytoestrogens that can act as estrogen agonists. Therefore, if there is interference due to varying background levels of phytoestrogens in the ingredients of the diets, then they may have the potential to alter the body's response to the chemical of interest and possibly decrease the sensitivity of the response (Thigpen 2003) .
The studies described here concern the effects caused by differences in levels of soy-based phytoestrogens in diets of laboratory animals. Much research and public interest have been recently focused on the possible health benefits and drawbacks of a diet supplemented with soy protein in humans, although other hormonally active compounds exist in the diets as well. These include, but are not limited to, coumestrol in alfalfa, lignans in flaxseed, and certain fungal mycotoxins (Adams 1995 , Setchell 1998 .
The phytoestrogens as a class are often described as "weakly estrogenic," since while they are structurally similar to 17ß-estradiol ( Figure 1 ) and they have a lower binding affinity for the estrogen receptor (Milligan 1998) . Nonetheless, there is strong evidence for their estrogenic action in vivo and in vitro (Mäkelä 1995 , Mäkelä 1994 .
A classic example of the potency of phytoestrogens in plants being consumed by animals with profound reproductive effects is "clover disease" that presented in female sheep from Perth, Australia in the 1940s that grazed on pasture with red clover (Bennetts 1946) . In permanent clover disease, ewes have difficulty conceiving, maintaining their pregnancies, and experience dystocia during lambing due to permanent changes in the reproductive tract and the neuroendocrine system from the influence of the phytoestrogens in the red clover. Since first identified more than 60 years ago, more than one million sheep in Australia are estimated to be permanently infertile due to the estrogenic effects of the phytoestrogens in the red clover (Adams 1990 ). This naturally occurring phenomenon emphasizes the importance of understanding the interactions between hormonally active dietary components and the reproductive system in animals and humans.
Although the soybean plant originated in Asia, its widespread cultivation in North America and elsewhere has lead to its incorporation as an inexpensive source of protein in feed designed for food production, companion, and laboratory research animals.
However, because of the known estrogenicity of the phytoestrogens in soy and other common components in research laboratory animal diets, there is growing concern that the diets fed to laboratory research animals in studies in the fields of environmental toxicology and endocrine disruption may be affecting the sensitivity and results of various endpoints of commonly used bioassays. For example, in studies conducted with mice and rats, diets formulated with soy and other phytoestrogen containing ingredients have been reported to influence results in toxicology and endocrine disruption research (Thigpen 2002 , Ashby 2000 , Boettger-Tong 1998 .
Most commercially available rodent diets from manufacturers, such as those made by Purina Mills and Harlan Teklad used in the experiments described in this paper, are often referred to as "closed" since their ingredients are released to the public, but the exact components in the diets are either proprietary trade secrets or unknown.
Conversely, the exact components of "open" diets are known and available to researchers and the public. The nutrients in the diets the animals consume are typically assumed to be stable in a "constant nutrition" formula with presumably the same amount of calories, fat, protein, fiber, and other relevant nutritional levels but different levels of the various ingredients from lot to lot. Alternatively, "fixed formula" diets should not vary from lot to lot in terms of ingredients used. Soy protein is used in most laboratory animal diets designed for rodents, as it is typically inexpensive and considered nutritionally complete.
More recently, because of concerns over phytoestrogen levels in feed causing potential interference with the results of estrogen sensitive bioassays, milk-derived casein is being marketed as an appropriate protein source for diets conducted in toxicology and endocrine disruption research, as it lacks phytoestrogens such as genistein and daidzein in soy-based diets. In theory, a casein diet should mitigate any interference from varying background levels of phytoestrogens in soy.
In a previous study conducted in our laboratory, two types of commercial rodent diets manufactured by Purina Mills (soy-based PMI 5008 and 5001 and casein-based PMI 5K96C) were compared with particular attention to effects of body and gonadal fat weight, uterotrophic response in pre-pubertal females, response to a glucose challenge, and reproductive organ weights in the males. In the follow-up study described below, two batches of PMI 5K96C were found to have markedly different profiles in terms of estrogenic activity as determined by the MCF-7 breast cancer cell bioassay. The goal of this follow-up study was to evaluate if a diet that was assumed to be stable in terms of nutrition levels would yield different results if the level of phytoestrogens were different.
In addition, our second aim was to examine differences in fetal and adult phenotype endpoints after a prenatal exposure to the synthetic estrogen diethylstilbestrol (DES) while the animals were maintained from conception through adulthood on different commercially available soy and casein based diets with varying levels of phytoestrogens (soy-based PMI 5008, Harlan Teklad 2018, and casein-based Harlan Teklad 2016) . For this study, we focused mainly on the female offspring and the endpoints of interest were the fetal serum estradiol levels, body and gonadal fat weight, and adult female uterotrophic response to estradiol following ovariectomy.
GENERAL METHODS

Animals and husbandry
The CD-1 outbred stock of mice (Mus musculus domesticus) was chosen for its widespread use in environmental toxicology research. CD-1 mice were purchased from Charles River Laboratories (Wilmington, MA) in 1998 and were maintained as a closed outbred colony with periodic replacement of animals used in the breeding colony.
Animals were housed in standard (11.5 7.5 5 in) polypropylene mouse cages (Lab Products Inc., Maywood, NJ) on corncob bedding in an AAALAC accredited facility.
Water was purified by ion exchange followed by a series of carbon filters and was Assignment of Animals to Diet Groups: PMI 5008/5001, "5K96C High" and "5K96C Low" Phytoestrogen Feeds Dams for this study were derived from a breeding colony where pregnant and lactating females were fed soy-based PMI 5008 breeder chow (Purina Mills Inc., St.
Louis, MO). After weaning on postnatal day 21, these females (as well as males used as colony studs), were fed soy-based PMI 5001 maintenance chow and housed up to 4 per cage until the beginning of the experiment. Adult females were randomly assigned to a diet group one week prior to being time mated. Diets examined were soy-based PMI 5008, soy-based PMI 5001, and casein-containing PMI 5K96C. From the beginning of this study to its conclusion, the diet groups were all maintained on the feed derived from the same lot from the manufacturer to decrease variability. A summary of the nutrients and ingredients in the feeds used in this study is in Table 1 .
We examined two different batches of the PMI 5K96C diet. One batch used had very low estrogenic activity (referred to as 5K96C-L) and one lot had higher estrogenic activity (referred to as 5K96C-H) that had about 50% of the activity of the soy-based PMI 5001 as measured by the MCF-7 cancer cell assay (Table 2, Figure 2 ). All offspring from mothers fed 5K96C and 5001 remained on their respective diets throughout the study, while the PMI 5008 offspring were transitioned to PMI 5001 (with lower percent fat) after weaning.
Timed Mating and Maternal and Fetal Blood Collection
Timed mating of the females involved pairing females with a male of known reproductive competence for approximately four hours starting the last two hours of the twelve hour dark phase of the 24 hour light:dark cycle (approximately 0900 with lights on at 1100). Mating was considered gestation day (GD) 0 and was verified by the presence of a vaginal plug. Pregnant females were housed three per cage until GD 17 when they were housed individually in preparation for parturition. On GD 18, a subgroup of 7 litters from each diet group was collected for fetal serum hormone levels.
Pups were delivered via caesarean section, and blood was collected by decapitation.
Serum from males and from females was pooled, so each litter contributed one hormone value per sex. Serum was then frozen for later analysis of estradiol.
Production of F 1 Animals for Postnatal Studies
Litters produced by mothers on different types of feed were reduced to 12 pups on the day of birth. Pups (F 1 ) were weaned at 21 days of age, and 3-4 littermates of the same sex were housed together until being randomly assigned to an experiment. With the exception of the study of the age at the first ovulation, in all other experiments, we controlled for maternal effects by randomly selecting only one animal from each litter.
Statistical Analyses
All analyses were conducted using the Statistical Analyzing System, Mixed
Model procedure (SAS Institute Inc., Cary, NC). Analyses were made using proc GLM in SAS, and planned comparisons were made using the LS means test if the overall ANOVA was statistically significant, using p < 0.05 as the criterion for statistical significance.
CHAPTER 3 EXPERIMENTAL METHODS AND RESULTS
MCF-7 Human Breast Cancer Cell Bioassay to Determine Estrogenic Activity in Feed
We measured the estrogenic activity in the feed by solvent extraction and examination of the degree to which the extract stimulated proliferation of human MCF-7 breast cancer cells, since this bioassay provides a highly sensitive method for detecting estrogenic activity in feed (Welshons 1990 , Welshons 2003 . Use of this bioassay to screen feeds for estrogenic activity prior to use is required, since there can be significant batch-to-batch variability in soy isoflavones in soy-based feeds as well as variability in other estrogenic contaminants in feeds that do not contain soy. Briefly, ~10,000 cells were seeded per well of a 24-well plate on Day 0 in phenol red-free (estrogen-free) medium, fed on Day 1 with the same medium, and then treated on Days 3 through 6 with the test media, with daily medium changes. Test media for feeds contained methanol extracts from feed. On Day 7 the wells were washed twice with 1 ml HBSS, and each well was then assayed for DNA content. By comparing the levels of DNA with known levels for genistein, the genistein equivalency for the diet samples was calculated, since genistein is the primary phytoestrogen in soy-based feed. However, it is not assumed that all estrogenic activity is due to genistein as there are other isoflavones in soy, such as daidzein. Table 2 and Figure 2 summarize the mean genistein equivalencies (in ppm) of samples of the diets used in this study.
Fetal Serum Estradiol Levels on Gestational Day 18
On GD 18, a subgroup from each diet and dose group was collected for fetal blood serum hormone levels. Pups were delivered via caesarean section, resuscitated, and blood was collected by decapitation. The level of estradiol in the serum was then measured by radioimmunoassay. As shown in Figure 3 , there were no differences between the 5K96C-L and 5K96C-H diets in their effect on serum estradiol in either male or female fetuses in this experiment or between 5008 and the 5K96C feeds. However, the serum levels of estradiol for the 5008 males and females were much greater than values observed in prior experiments (Ruhlen 2002, unpublished observation) .
Pre-pubertal Uterotrophic Assay
A uterine challenge was conducted on two female pups from each litter at weaning to determine uterine sensitivity to estrogen while remaining on their respective diets. Starting on PND 21, the two females were injected s.c. with 5 µg/day of the synthetic estrogen diethylstilbestrol (DES) once per day. On PND 23, the females were injected for the final time and were collected 5 hours later. The animals were euthanized via carbon dioxide inhalation followed by decapitation for blood collection. The uterus was removed and wet weight was recorded.
Pre-pubertal females injected with either oil vehicle on PND 21 through PND 23 showed no differences in uterine wet weight based on type of feed. However, 5K96C-H females administered 5-µg/kg/day DES had significantly heavier uteri than either the 5008 or 5K96C-L that had been administered DES (Figure 4) . No significant differences in body weights due to diet or DES treatment were observed. This finding suggests that the 5K96C-H feed resulted in uteri being more sensitive to the uterotrophic action of DES relative to either the 5008 or 5K96C-L feeds.
Age at Onset of Fertility
To determine the onset of puberty after weaning in the females, two F 1 females from each litter were each housed undisturbed with a male of known reproductive competence. When the female was visibly pregnant, the male was removed and the female was observed daily for the presence of pups. Date of birth, weight of the female after parturition, and weight and sex ratio of pups were recorded.
Pre-pubertal females from both the 5K96C-H and 5K96C-L paired with a stud male at weaning ovulated, mated, and produced their first litters of pups at a younger age (p < 0.01) relative to females on the 5008 diet ( Figure 5 ). While the 5K96C-H and 5K96C-L diets did not differ from each other significantly, the 5K96C-H group entered puberty at the youngest age. On the day of parturition, the average body weight of the 5008 females were significantly greater (p < 0.05) than either of the females on the 5K96C-L and 5K96C-H diets (37.78 g ± 0.57 versus 36.27 g ± 0.57 and 35.72 g ± 0.58, respectively). No differences were observed in the diet groups with respect to number of pups, weight, or sex ratio of the pups at birth.
Adult Body Weights, Gonadal Fat Weights, and Serum Leptin Levels
There were no consistent differences in adult body weight due to diet in either males or females collected at 3 months of age, though animals on the 5K96C-H and 5K96C-L diets tended to be slightly heavier than those on the 5008/5001 diets (Table 3 and 4). However, there was a significant difference due to feed with respect to the weight of the gonadal fat pad in the females, especially the between the PMI 5008/5001 and the 5K96C-L group (Table 3, Figure 6 ). Female serum leptin levels from blood collected and measured by radioimmunoassay were likewise significantly different between the female 5001/5008 group and the 5K96C-L group (Figure 7) . When comparing the females, there was a significant positive correlation between the weight of the gonadal fat pad and serum leptin levels, since leptin is produced by adipocytes (n=27, r 2 = 0.87, P < 0.001).
Because leptin is designed to down regulate the production of more fat, this suggests a possible insensitivity to the hormone in the females on the 5K96C-L diet since they also had more gonadal fat. This relationship was not as strong in the males, as 5K96C-H males had the greatest amount of gonadal fat while 5K96C-L males had the highest leptin levels (Table 4) .
Male Reproductive Organ Weights
F 1 male reproductive organs, kidney, liver, and gonadal fat were also collected at 3 months of age and are reported in Table 4 . Males on the 5K96C-L diet had smaller testes, epididymides, and kidneys in relation to the 5008/5001 diet while the 5K96C-H males did not differ significantly from either of the other diets. The 5K96C-L males approached significance (p = 0.07) in difference between the weights of the right testis compared with the 5008/5001 diet and were not different in relation to the 5K96C-H males. There were no significant differences in daily sperm production or weight of the prostate, seminal vesicles, coagulating glands, and liver in the groups with respect to diet.
Blood Glucose Levels Before and After a Glucose Challenge
Adult F 1 males and females on the different diets were fasted overnight for 12
hours with a clean cage, a paper towel for bedding, and a water bottle. The next morning, the mice were given an i. The males on the different diets used in the diet study did not differ significantly in body weight. 5K96C-L males differed from 5008/5001 males in that their baseline glucose levels were significantly lower. 5K96C-H males were intermediate in their blood glucose levels and not significantly different from either 5008/5001 or 5K96C-L males (Table 5A ). Thirty minutes after the injection, the 5K96C-L males had significantly higher glucose levels than the 5K96C-H, but there was no significant difference at the later time points.
The females on the 5K96C-L were significantly heavier than 5008/5001 females, while the body weights of the 5K96C-L and 5K96C-H did not differ significantly (Table   5B ). Similar to the males, the baseline blood glucose levels of the 5K96C-L females were significantly lower compared to the 5008/5001 females, with the 5K96C-H female in between and not significantly different from either of the other. There were no differences in the females after the glucose injection based on the diet.
CHAPTER 4 Animals and husbandry
Breeding colony pregnant and lactating females were fed soy-based PMI 5008
breeder chow (Ralston-PMI, St. Louis, MO). After weaning on postnatal day 21, animals were fed soy-based PMI 5001 maintenance chow until the beginning of the experiment. Water was purified by ion exchange followed by a series of carbon filters and was supplied ad libitum in glass bottles. Rooms were maintained at 25 ± 2°C under a 12:12 light:dark (L:D) cycle.
Assignment of Animals to Diet Groups: PMI 5008 and Harlan Teklad 2018 and 2016
Commercial diets of interest were soy-based PMI 5008 (23% protein, 6% fat), between three and five months old were randomly assigned to a diet group and were maintained on their respective diets throughout pregnancy and lactation. Animals were allowed a period of at least twelve days to adjust to the new diet before proceeding with timed mating.
Timed Mating and Administration of DES to Pregnant Females,
Timed mating of the females was as described for the prior study. Positively plugged females were housed three per cage until they were singly housed on GD 17-18 to deliver their pups. Beginning on GD 11 through GD 17, all pregnant females were orally dosed one time per day with 30 µL of tocopherol-stripped corn oil vehicle (control), 0.1 µg/kg body weight (low dose), or 100 µg/kg body (high dose) weight DES.
A randomly selected group of females on each feed was not handled or administered the oil vehicle, and these groups were designated as unhandled.
Collection of Maternal and Fetal Serum Estradiol
On GD 18, a subgroup from each diet and dose group was collected for fetal blood serum hormone levels. Pups were delivered via caesarean section, resuscitated, and blood was collected by decapitation. The level of estradiol in the serum was then measured by radioimmunoassay. As shown in Figure 8 , the female fetal blood serum estradiol concentration reaction to prenatal DES is dependent on diet. Purina 5008
showed a non-monotonic curve in response to DES, with fetal estradiol levels stimulated by a low dose but inhibited by a high dose. The two other diets did not demonstrate this type of dose response. Although all three diets displayed a suppression of estradiol levels with the high dose of DES, the suppression was not statistically significant on the 2018 diet. In addition, the 2016 diet produced significantly higher baseline levels of fetal serum estradiol in the control animals relative to the PMI 5008 feed. In this experiment, the serum estradiol levels on the 5008 feed were also lower than in the previous study described above, and were more similar to levels observed in prior studies (Ruhlen 2002, unpublished) .
Production of F 1 Animals for Postnatal Studies.
The remaining litters were born on GD 19. If the dam was not able to deliver the pups vaginally on GD 19 (which occurred 6 out of the total 9 litters due to the high DES dose), they were delivered via caesarean section and fostered with another untreated dam on the same diet. The pups were weaned on day 21 and were housed 2-5 mice per cage by sex. Unlike the experiment described above, all offspring remained on their respective diets throughout the study. This included the PMI 5008 group in order to minimize variability from transitioning from PMI 5008 to 5001 at weaning.
Adult Uterotrophic Assay
At approximately 5 months of age, all females were bilaterally ovariectomied using a small incision over both ovaries. Mice were anesthetized with a cocktail (25 mg/ml ketamine, 2.5 mg/ml xylazine, 0.5 mg/ml acepromizine) at a dose of 0.1 ml injected s.c.. Incisions were closed with wound clips. Post-operative care was provided through heat lamps, and mice were returned to clean cages with no more than three per cage after regaining consciousness. Three days after surgery, the females were injected with either 50 µL of 40 µg/kg 17 estradiol in corn oil or corn oil vehicle. Three hours after injection, the animals were euthanized via carbon dioxide inhalation followed by decapitation for blood collection. Body weight, gonad fat, and wet uterine weight were measured.
In the adult females, the uterine weights did not significantly differ from each other in the control oil injection, which indicates that the baseline uterine weight following ovariectomy were the same irrespective of diet. However, estradiol stimulated a 50% increase in uterine size in the low DES animals fed 2018 and 5008, but not 2016 ( Figure 9 ). The injection of estradiol failed to elicit a significant uterine response within three hours in the high DES dose group regardless of diets compared to the control oil injection.
As shown in Figure 10 and 11, adult female gonadal fat and body weights demonstrated the permanent effects of prenatal DES exposure as both endpoints were significantly increased by the high dose of DES compared to oil, with the greatest response by far occurring on the PMI 5008 diet.
Discussion
The consumption of phytoestrogens that occur naturally in soy and other plants and their effects on the reproductive system has attracted increasing attention from both members of the scientific community and the public. Because previous studies in our laboratory (Ruhlen et al., unpublished) and reports from others (Thigpen 2004 ) have indicated that rodent diets can be highly variable over time in their level of phytoestrogens and can yield different results in terms of biological endpoints, some authors have suggested using a low phytoestrogen rodent diet with an alternate protein source such as milk-based casein instead of soy as a way to eliminate this inherent variability (Brown and Setchell 2001) . Other authors have recommended using diets with no or low phytoestrogen diets only with certain types of experiments (Jensen and Ritskes-Hoitinga 2007 ).
Our studies demonstrate that removal of soy isoflavones by using alternate protein sources like casein can present additional problems because the rodents used in laboratory experiments, such as the CD-1 mouse used here, have been bred for thousands of generations by commercial breeders on soy-based diets. These animals have therefore gone through a long selection process for tolerance to phytoestrogens in soy (http://www.labdiets.com). That there are consequences of removing most phytoestrogens from the feed is thus not unexpected. For example, the female F 1 mice raised on either of the batches of casein-based 5K96C diet entered into puberty significantly earlier than the females raised on the soy-based 5008 diet. Entering puberty and having a litter too early (as the female mouse itself is still growing at this age) could be detrimental to the well-being of both the dam and the pups if it has to divert resources away from its own growth and put them towards the demands of pregnancy and lactation (Wang and vom Saal 2000) . This seems to be a possibility as our data showed that the dams on either batch of casein-based 5K96C were significantly lighter on the day of parturition than their soy-based 5008 counterparts.
In addition, because of genetic variations in populations of inbred and outbred mice, certain strains (such as the CD-1 mouse commonly used in toxicological studies)
are significantly less susceptible to endocrine disruption by estradiol (Spearow 1999) .
Therefore, in addition to using strains that are resistant to endocrine disruption, selecting a diet that further exacerbates potential insensitivity in the bioassays used to indicate a response to estrogenic chemicals may result in false negatives even in positive controls (Ashby 1999 , Cagen 1999 ). This diet-induced insensitivity was demonstrated in our results by the non-monotonic dose response to DES administered prenatally in the PMI 5008 group where the low dose stimulated an elevated level of serum fetal estradiol and a high dose showed an inhibited level of estradiol. This low dose effect was not seen in either of the other diets to a significant degree and would have been reported as a false negative if the Harlan diets were the sole diets used. The basis for this lack of DES effect was that the Harlan diets significantly increased serum estradiol relative to the PMI 5008 feed.
As our findings in these two experiments and other studies demonstrate (Thigpen 2004 , Thigpen 2003 , varying background levels of phytoestrogens when compared brand to brand, lot to lot, and even from bag to bag do indeed cause significant differences in sensitive bioassays such as estradiol levels in the fetus, timing of the onset of puberty and vaginal opening in the females, and the female pre-pubertal and adult uterotrophic assays. This is highlighted in the two experiments described here that were conducted approximately one year apart and both measured the female fetal estradiol levels on gestational day 18 in pregnant dams fed PMI 5008. When comparing the PMI 5008 group in the first experiment and the PMI 5008 group with control dosing in the second experiment, the first group showed an elevated level of estradiol in the female fetuses compared with the group one year later. This further demonstrates the variability in commercial laboratory diets over time as well as the need to characterize the phytoestrogen levels before beginning a study as they clearly can affect experimental results.
The issue of naturally occurring hormonally active components in laboratory diets is an area of controversy and opinions differ on the level of phytoestrogens that should or should not be in the diets. But there is consensus that this is a subject that no longer can be ignored by researchers. To help reduce the inherent variability in experimental results in using different rodent diets, the following steps should be taken. First, major manufacturers should move towards full disclosure with open diets instead of closed so researchers have a more complete understanding of what is in the diets before incorporating them into their experimental design (Thigpen 1999b) . Second, using sensitive prescreening methods such as the MCF-7 breast cancer cell proliferation assay to test the estrogenic activity of the diets are needed (Welshons 1990 , Soto 1995 .
Finally, the phytoestrogen levels of the diets should be reported along with the results in future publications to track the effects of the diets on the physiological endpoints over time (Jensen and Riskes-Hoitinga 2007 , Brown and Setchell 2001 , Ashby 2000 , Thigpen 1999a ).
The results of our experiments corroborate previous studies concerning the consequences for phenotype in mice due to variation in components of commercially available rodent diets and help to further characterize the profiles of diets, which in turn yield different phenotypes. Most importantly, they show that not all diets used in endocrine disruption research are appropriate if they render important physiological endpoints insensitive. The effects and interactions between diet and exposure to endocrine disrupting chemicals on the mouse reproductive system will be a continuing area of research in our laboratory. Future studies will seek to further characterize an appropriate level of phytoestrogens in diets fed to rodents with highly sensitive physiological endpoints in mind. In addition, other environmental chemicals of interest such as the plastic monomer bisphenol A will also be tested to further investigate the interactions of naturally occurring phytoestrogens, endogenous estrogens, and synthetic xenoestrogens. Table 4 . F 1 male body weight and weight of the right testis, epididymis, paired seminal vesicles, prostate, liver and kidney, as well as serum leptin, daily sperm production per testis (DSP) and daily sperm production per gram testis. Different letters after the mean indicate that group means were significantly different (P < 0.05), while the same letter indicates that the means were not significantly different. * indicates that the group mean differed from 5008/5001 at P < 0.07. Table 5 .A. Mean±SEM glucose concentration (mg/dl) before and after glucose challenge with an injection of 2 mg/kg glucose in F1 male mice fed 5008/5001 (n = 9), 5K96C-L (n = 10) or 5K96C-H (n = 11). Table 5 .B. Mean±SEM glucose concentration (mg/dl) before and after glucose challenge with an ip injection of 2 mg/kg glucose in F1 female mice fed 5008/5001 (n = 9), 5K96C-L (n = 9) or 5K96C-H (n = 11). . Mean (± SEM) serum leptin levels in 2 month old F1 female mice maintained on the different diets. n 8 animals in all groups. Different indicate that group means were significantly different (p < 0.05), while the same letter indicates that the means were not significantly different. indicates p < 0.05 respective to the corresponding oil treatment.
